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Abstract

We have studied electronic transmission across metal /conjugated-oligomer /metal structures: (a) one oligomer chain,
and (b) two oligomer chains sandwiched between metal contacts, in the presence of lattice fluctuations. The lattice
fluctuations are approximated by static white noise disorder. Resonant transmission occurs when the energy of an incoming
electron coincides with a discrete electronic level of the oligomer. Because of disorder there is an enhancement of electronic
transmission for energies that lie within the electronic gap of the oligomer. If fluctuations are sufficiently strong, a
transmission peak within the gap is found at the midgap energy E =0 for degenerate conjugated oligomers. For the
two-chain case the spatial mirror symmetry is broken and coherence between the wavefunctions of two chains is partly lost

when fluctuations are introduced. © 1998 Elsevier Science B.V.

PACS: 73.40.Gk; 71.38.+ i; 71.55.-i; 71.55.Jr

1. Introduction

Inorganic tunneling devices such as metal /semi-
conductor/metal and metal /superconductor /metal
structures are important both because of a rich vari-
ety of physics and due to their technological applica-
tions. It has recently become possible to fabricate
organic counterparts of tunneling devices, e.g.,
metal /conjugated-oligomer /metal structures. Sev-
eral experimental groups have observed electronic
transmission through ‘molecular wires’ attached to
two metallic contacts [1-4] and organic self-assem-
bled-monolayers have been used to modify the injec-
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tion properties of contacts in organic light-emitting-
diodes [5,6]. Conjugated polymers are quite different
than conventional semiconductors in that conjugated
polymers are flexible and thus lattice effects, includ-
ing polaron formation and lattice fluctuations, are
critical for understanding optical and transport prop-
erties of these materials [7-9]. In the existing calcu-
lations of organic tunneling structures, the role of
lattice fluctuations has not been taken into account
[10-12]. Here, we study the transmission properties
of metal /conjugated-oligomer /metal structures, em-
phasizing the importance of lattice fluctuations (ap-
proximated as static intrinsic disorder). We find that
the transmission properties in these structures are
significantly changed by both thermal and quantum
lattice fluctuations.
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2. Model: single chain

We study an oligomer chain with 2N atoms sand-
wiched between two semi-infinite metal leads (Fig.
1). The Hamiltonian of the system consists of three
parts,

H=H

metal + Holigomer

+ Hmtcrl.u.e ( 1 )

We describe the metal by a one-dimensional. non-in-
teracting tight-binding model

~1
Hmemi = Z ( _{(]C!TCH' 1 + HC)

= -

)

[=2N+1

(=19cicipy + Hocl), (2)

where cj{c,) is the electron creation {(annihilation)
operator at site [, t, is the electronic hopping inte-
gral between the neighboring metal sites, and the
spin indices are implicit in /. For this structure the
energy spectrum is given by E, = —2t,cos k.

In general, the hopping integral at the contacts
between metal and conjugated oligomer is different
from that in the metal,

H, —t{coe; + Shyconyy + Hoe). (3)

interface
The oligomer is modeled by a Su-Schrieffer—Heeger
Hamiltonian [7] used for degenerate polymers.

In the oligomer the lattice is dimerized (alternat-
ing long and short bonds) and the lattice sites fluctu-
ate around their equilibrium positions. As a conse-
quence, the bond lengths also fluctuate: 8, = 8, + &,.
Here 8, is the lattice dimerization and £, the lattice
fluctuation. The lattice fluctuations can be approxi-
mated as static white-noise disorder with a Gaussian
distribution [8] { §,&,) = 2D§, ,. Here D measures
the strength of the fluctuations, and can be written as
D = Acoth{w/2T), where w is the optical-phonon
frequency of the oligomer, T is the temperature, and
A is a parameter. Thus, both quantum and thermal
fluctuations are considered. The fluctuation strength
can be extracted from experiments, e.g., the width of
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Fig. 2. Electronic transmission for an 8-atom oligomer device
structure as a function of the energy of the incoming electron E.

the intragap ‘tail’ states in the luminescence spectra
of polymers [13], and for polyacetylene-like poly-

mers A = 0.02. -

Fig. 2 shows the transmission coefficient for a

2N =28 oligomer chain versus the energy of the___

incoming electron for different disorder strengths.
Here the oligomer is of trans-polyacetylene-type,
and the edges of the energy gap are approximately at
+218,= +0.4¢r. When the fluctuations are absent
(no disorder), four resonant tunneling peaks are ob-
served and their energies correspond to the four

discrete levels above the gap in the oligomer. As the

disorder strength increases, the transmission above
the gap is greatly reduced and the peaks diminish in
intensity. This is easily understood since the incom-
ing electron loses its coherence due to scattering
resulting from the disorder. When the energy of the
incoming electron lies within the gap, the tunneling
is enhanced. This enhancement becomes more pro-
nounced as we increase the fluctuations. For suffi-
ciently strong fluctuations we find a peak in the
middle of the gap, i.e., E=0. This enhancement
arises from the lattice-assisted tunneling. The param-
eters we chose are ty=r=1,¢ =038, and §,=0.2.
The Solid dashed, and long-dashed lines correspond
to disorder strengths D =0, D = 0,05, and D = 0. 15

respectively.
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Fig. 1. Schematic diagram showing metal and oligomer sites ir a chain.
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